Vitamin D deficiency is common in pregnant Asian women. The effect of maternal vitamin D deficiency on fetal skeletal mineralisation was assessed by measuring the bone mineral content of babies born to 45 Asian women, 19 Asian women who had received 1000 units of vitamin D during the last trimester, and 12 white women. The mean cord blood concentrations of 25-hydroxy vitamin D in the three groups were 5-9 ± SE 0-9 nmol/l (2-4 -t SE 0-4 ng/ml), 15-2 ± 3-2 nmol/l (6-1 ± 1*3 ng/ml), and 33-4±3-6 nmol/l (13-4±1-4 ng/ml), respectively. Despite this wide variation in values there was no significant difference in the bone mineral content (as assessed by photon absorptiometry) of the forearms of babies born to these women. This suggests that mineralisation of the fetal skeleton is not impaired in maternal vitamin D deficiency.
Introduction
The need of the growing fetus for calcium presents a major strain on maternal calcium homoeostasis. This fetal demand is satisfied in vitamin D replete pregnant women by enhanced intestinal absorption of calcium brought about by increased concentrations of 1,25-dihydroxy vitamin D.' Some studies suggest that maternal malnutrition impairs fetal skeletal mineralisation.' Babies born to Asian mothers deficient in vitamin D tend to have higher alkaline phosphatase activities and larger anterior fontanelles than babies born to vitamin D replete mothers, suggesting some impairment in fetal skeletal ossification. 3 Pregnant Asian women living in Britain are commonly deficient in vitamin D. 3 We studied the effect that vitamin D deficiency may have on skeletal mineralisation in the fetus by assessing bone mineral content of the forearm of babies born to Asians deficient in vitamin D, Asians supplemented with vitamin D during pregnancy, and white women with normal vitamin D concentrations. Bone mineral content was measured by photon absorptiometry, which is accepted as an accurate and precise technique both in adults5 and in neonates. 6 The study was approved by the hospital ethical committee and consent for the investigations obtained from mothers before the bone scans.
Patients and methods
Cord blood was collected at term (37-42 weeks) from 45 The bone mineral content of the right forearm of babies born to these women was measured within the first five days, usually within 48 hours. The forearm was placed in a thin rubber sleeve surrounded by water and scanned midway between the wrist and the elbow with a narrow beam of radiation from an americium-241 source. In every case two scans were performed, taking a total of five minutes. The radiation dose per scan was less than 0-2 mrem. Radiation transmitted through the forearm was measured using a scintillation counter detector. Counts were stored in a pulse height analyser (multiscaling mode). Bone mineral content was evaluated from the scan data and the mean of the two results used in the subsequent analysis. Results were expressed in arbitrary units proportional to the mineral mass per unit length of the radius and ulna combined.
At the time of the scan we noted whether craniotabes was present.
Results
Mothers and infants (table I) -There was no significant difference between the three groups in maternal age, gestational age, ratio of boys to girls, or the proportion of infants born with craniotabes. The mean birth weight of babies born to the non-supplemented Asian women was 3056 SE 59 g, of those born to supplemented Asian mothers 3173 -t-108 g, and of babies born to the white women 3223 195 g. Although there was a tendency for babies born to non-supplemented Asian mothers to be lighter, the three mean values did not differ significantly from one another.
Biochemical results (table II) -Cord blood concentrations of 25-hydroxy vitamin D were significantly higher (p < 0-001) for women in group 3 (mean 334 SE 36 nmol/l; 134 SE 1 4 ng/ml) than for women in group 2 (mean 15 2±3-2 nmol/l; 6 1± 13 ng/ml) and group 1 (mean 5-9 ±09 nmol/l; 244 0 4 ng/ml). Forty nmol/l; 7 6 1 1 ng/ml) were compared with the 20 babies with the lowest values (mean 2 1 ±03 nmol/l; 0-9 ±01 ng/ml). The bone mineral content in the first group was slightly greater than in the second group (3 4±0: 1 and 3 2+ 01 units, respectively), but this difference was not significant. There was no significant association between the bone mineral content and the presence or absence of craniotabes. Conversioni: SI to traditionial tunits-Calcium: 1 mmol/l 1 4 mg/ 100 ml. Phosphorus: I mmol/l 3 mg/100 ml. 25-Hv'droxy vitamin D: 1 nmol/l_ 0-4 ng/ml.
Discussion
The fetal requirement for calcium increases progressively during pregnancy and represents an appreciable strain on maternal calcium homoeostasis. The total calcium content of a 3500 g baby is about 28 g, of which 98() is present in the skeleton.9 Fetal calcium accretion rates rise progressively from some 2-3 mg a day in the first trimester to 250 mg a day at 37-40 weeks."' This fetal demand for calcium in the last weeks of pregnancy is equivalent to about one fifth of the recommended maternal calcium intake (1200 mg daily)"' at that time. The mechanism by which this progressive demand by the fetus for calcium is satisfied in vitamin D replete women appears to be enhanced intestinal absorption of calcium in the mother. ' It is not clear how this fetal demand for calcium can be satisfied in mothers deficient in vitamin D. Although the diet of many Asian women in Britain is deficient in calcium,'2 it is possible that calcium absorption and utilisation may be more efficient than in those who are accustomed to higher intakes."3
Balance studies in Asians with calcium intakes of about 400 mg daily have shown increasing retention throughout pregnancy, being greatest during the last trimester when fetal accretion rate is maximal.'4 Although this is in part due to a reduction in faecal calcium losses, there is also a concomitant reduction in urinary calcium excretion.'4 This latter effect may be mediated by raised parathyroid hormone concentrations,'5 though the evidence for relative hyperparathyroidism during pregnancy is conflicting.' 16 Studies in rats point to a vitamin D independent mechanism which promotes both increased intestinal absorption of calcium and mobilisation of calcium from bone.'7 The mechanism for this is not clear, but the total body calcium of fetuses was not related to the vitamin D state of the mother. We found no significant reduction in the bone mineral content of babies born to vitamin D deficient Asian women compared with babies born to vitamin D replete white mothers. Although the bone mineral content of babies born to Asians who had received vitamin D supplements was slightly higher than for those born to vitamin D deficient Asians, this difference was not significant. Comparing all Asian with white babies also failed to show a relation between the bone mineral content and vitamin D values. In keeping with these findings, the bone mineral content of babies born with craniotabes was not significantly lower than in those without this sign. Skull softening in Asians is probably not a reflection of generalised defective skeletal mineralisation. We did not try to assess changes in maternal skeletal mineralisation, so we cannot say whether the fetal skeletal requirement for calcium was satisfied at the expense of the maternal skeleton or as a result of decreased urinary and faecal calcium excretion.
Our results therefore seem to indicate that the fetal demand for calcium can be satisfied even when the mother is deficient in vitamin D, and the relative rarity of congenital rickets in Asians supports our conclusion that maternal vitamin D deficiency does not usually result in defective mineralisation of the fetal skeleton. Despite our findings there remain good reasons for trying to improve the vitamin D state in pregnant Asian women. Previous studies have shown an increased tendency for their babies to develop hypocalcaemia3 and to be of low birth weight.3 The long term effects that vitamin D deficiency has on growth and dentition need careful study. Non-compliance because of language problems is likely to be a major obstacle if supplementation is given as tablets.
